Anybody knows that contamination in oil is always harmful to hydraulic and lubricating systems. Contaminants inevitably exist in the oils of hydraulic and lubrication systems and cause tribological problems. In order to prevent such tribological problems due to
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INTRODUCTION:
Hydraulic systems generate large forces with relatively small size and are excellent to handle heavy objects with an accurate control.
However contaminants in oils are pains in the neck for hydraulic systems. The majority of users of hydraulic systems are in industries.
Oil cleaning is a subordinate item to them. 1/κ = (εKT/8πe 2 nz 2 ) 1/2 …. (1) The unit of the double layer thickness is Debye length. As mineral oils and the majority of synthetic lubricants are basically dielectric, concentration of ion n is very low for oil and 1/ κ becomes large and κ small. This means that the thickness of the electrical double layer on a sphere is large in oil. Then we have to discuss the density of electric charge on a spherical surface. The density σ can be expressed as follows
The total electric charge Q of a spherical particle with a radius R becomes as follows equation,
The general motion of particles in a uniform electric field may be schematically shown in
By introducing the equation (2) As κ is very small, the equation (4) can be rewritten as follows:
MOTION OF CHARGED PARTICLES Figure 1 General Motion of Particles A suspending particle can make free motion in oil. The motion of a spherical particle in an electric field will be expressed as follows:
In a Uniform Electric Field
By the nature of electricity, which appears by potential contact difference, electric charge will be on the surface and may form the electrical double layer at the interface with oil.
Provided that a particulate contaminant is a sphere, the double layer thickness (1/κ) will be expressed by the following
Poisson-Boltzmann equation 7)
.
The equation (6) can be rewritten as mV p' + 6πRηV p -QE = 0 . . . . (7) As the inertia F i is initially zero,
By introducing the equation (5), the equation (8) can be given as follows:
. (9)
If εΦ s is replaced by α (constant),
The equation (10) means that the migration velocity V p of a charged spherical particle is proportional to the intensity of the electric field and that it is constant regardless of the particle size, when the intensity of the electric field is fixed.
SETTLING VELOCITY OF A SPHERICAL

PARTICLE
Any materials on earth are under the influence of gravity. When a spherical particle is suspending in oil, the settling force will work on it. The settling velocity V 1 of a particle is given by the following equation.
In the case of electrostatic oil cleaner, contaminated oil will be introduced into the electric field from a lower inlet of a cleaning chamber and flow upward slowly at the velocity V 2 in the cleaning chamber. Taking the settling velocity V 1 of a particle into account, the net upward velocity V u of a spherical particle can be given as follows:
Provided that the material of particles is same, the net upward velocity V u of a small one will be larger than that of a large one by the equations (11) and (12). In accordance with the equation (10), the migration velocity V p of particles is constant regardless of the size of particles in the electric field. As the migration of particles is schematically shown by the vectors in Figure 2 , a large particle can easily hit the electrode rather than small one, provided that an only particle exists in an electric field. However there are a large number of particles suspending in oil. Provided that the neutral particle is a sphere, the force (F e ) working on it in a non-uniform electric field can be expressed as follows 8): In order to make them move, the electric field must be deformed to make non-uniform. In the non-uniform electric field, a gradient force will work on a neutral particle and make it move toward the strongest field region. When two neutral particles come close, they will also agglomerate by the gradient force, which work between them as shown in Figure 3 .
These phenomena are known as dielectrophoresis.
The equation (13) shows that the dielectrophoresis is in proportion to the third power of the radius of a spherical particle, the difference of the relative dielectric constant between a particle and oil and the square of the electric field strength.
As the relative dielectric constant of a metallic particle is much larger than that of oil, the force working on a metallic particle is large from the equation (13) and the metallic particle will be easily drawn to the region where the intensity of the electric field is strong. Dielectrophoresis is effective with relatively high field strengths. As the dielectric constant of oil is about 2 and the relative dielectric constant of polymerized resin is larger than that of oil 8), the dielectrophoresis can remove polymerized oil oxidation products. 
PRINCIPLE OF ELECTROSTATIC OIL CLEANING TECHNOLOGY
Part icle number
The figure shows that the number of particles smaller than 15 micron increases at the early stage of oil cleaning. The smaller the particle sizes, the higher the increasing rate. The
When oil passes through filter media, oil will be electrified 5). As oil is dielectric, charge will be accumulated in oil, although oil has a small quantity of charge relaxation additives. As the temperature of spark discharges is higher than ten thousand degree C locally 4), no additives can protect oils. Therefore it is very important to verify that electrostatic oil cleaning does not cause any damage to oils.
figure also shows that the number of particles larger than 25 micron decreases in the process of oil cleaning and that the larger the particle size group, the sharper the declination angle. This is one of the most interesting features of electrostatic oil cleaning. As the equation (1) 
CHARGE OF OIL
When oil comes into a uniform electric field, which is produced by a pair of parallel electrodes, electrons will be ejected from a negative electrode. As oil is dielectric, the ejected electrons will not go to the other electrode and stay in the oil, when the distance between two electrodes is not too narrow. Then the oil will be electrified as shown in Figure 6 . This may cause damage to oil when the electric charge is accumulated and discharged with sparks. In order to use electrostatic technology for oil cleaning, it is important to solve this problem. 
INFLUENCE OF ELECTRIC FIELD ON OIL
HOW TO AVOID OIL ELECTRIFICATION
In view that the objective of oil management is primarily to protect machines and to protect oils for it, no oil cleaners should cause damages to oils. By using the pleated dielectric media, the electric field will be deformed and the ejected electrons will be directed to the sharp points of the pleats.
Then the oil will not be electrified in a certain 
